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NOT] CES

This report supersedes ACTC Technical Report No 72-4, Analysis of
Soviet and Western Euro;pean Geodetic Satellite Data, December 1971. It
is issued to present to organizations and individuals concerned with
the quality of Soviet camera systems the results of investigations
using these and other camera systems in a Western European geodetic
satellite triangulation network. Nothing herein is to he construed
as Defense Mapping Agency doctrine.

This publication does not contain information or material of a
colvrighted nature, nor is a copyright pending on any poition thereof.
Reproduction in whole or in part is permitted for any purpose of the
United States Government. This document is unclassified.
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ABSTRACT

An investigation has been made of Soviet camera sites at Riga and
Uzhgorod and the site at Helsinki, Finland to determine the geodetic
quality of their optical satellite observations with respect to seven
other co-observing camera sites in Western Europe. The primary objectives
were to improve the geodetic coordinates of the two Soviet sItes and the
site at Helsinki with respect to the E-uropean Datum and te ascertain the
quality of the instrumentation used at the Soviet sites. The objectives
regarding the Soviet sites have been met with reasonable assurance:

1. The Soviet camera systems are capable of producing accurate
geodetic coordinates.

2. The European Datum 50 position determined for Riga could be
the most accurate thus far produced by investigators using satellite data.

3. Uzhgorod agreed well with its initial European Datum 50
coordinates.

The position at Helsinki, due to fairly poor geometry, is not given the
same degree of reliance as the Soviet positions.

Results of the analysis with respect to the European Datum also
revealed a change in geodetic height at Station Malvern, England.
Adjustments made on the geocentric SAO Standard Earth TI Datum support the
findings of other investigators regarding a scale variance between
sate llite adj ustICIIets limited to the E-uropean area and those on the
global, geocentrtc SAO Standard Earth 11 Datum.
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ANALYSIS OF SOVIET GEODETIC SATELLITE DATA

INTRODUCTION

The Defense Mapping Agency Aerospace Center (DM4AAC) has completed

an analysis of satellite tracking data from the Soviet camera systems

at Riga and Uzhgorod and from Helginki, Finland. Each of these stations

observed GEOS II in a cooperative effort with a Western European tracking

network as shown in the figure on page 2. The other participants include

Dionysos (near Athens, Greece), Zimmerwald (Switzerland), Nice and

Haute Provence (France), San Fernando (Spain), Delft (Netherlands), and

Malvern (England).

'The primary objectives of the DMAAC analysis were to improve the

geodetic coordinates of the two Soviet sites and the site at Helsinki

with respect to the European Datum and to ascertain the quality of the

instrumentation used at the two Soviet sites. The data used in the DMAAC

adjustment consists entirely of simultaneous photographic observations

made during the period from February 1968 to July 1969. This data was

obtained from the National Aeronautics and Space Administration (NASA),

National Space Science Data Center.

DISCUSSION

I Camera Svstems Used

Station Delft was equipped with a Blouwers-Maksutov concentric mirror

type sidereally driven camhera having a 1200mm focal length and a 210mm

,-terttir'eI I I. Schmidt cameras (focal length = 1040mm; aperture = 340mm)

II
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were used at Zimmerwald and at Malvern [2]. The NASA Geodetic Satellite

Observation Station Directory [3], November 1970, indicates that a

Schmidt D camera occupied the station at Haute Provence. Station Nice [4]

was occupied by a three-axis tracking camera with a 900mm focal length and

a 300mm aperture. Stations San Fernando and Dionysos [41 were equipped

with Laker-Nunn cameras which have 500mm focal lengths and apertures.

Both Riga and Uzhgorod were equipped with Soviet AFU-75 cameras having a

focal length of 736mm and an aperture of 210mm [5]. The Helsinki Station

was occupied by a sidereally driven camera (Schmidt-Vaisala) of 1032mm

focal length and 350mm aperture [2].

2. Method of Data Analysis

'As is noted in thO, report by Ehrnsperger, et al [6], the station

sites used in the various Western European adjustments differed widely

in the types of camera and timing systems used and in their adopted

methods of data reduction. In order to use such heterogeneous data, the

data first had to be brouigit into homogenity at the time of the

observation. This required knowledge of "he extent to which the reduction

had thus far been performed by the agency which recorded the data. Since

this was not known for every instance, other US agencies which had

succcssfully used che data were contacted to determine the reduction

methods they had used in processing the data. Mr John G. Marsh, Goddard

Space Flight Center (GSFC), NASA, was of special assistance in providing

most of the needed information. The Smithsonian Astrophysical Observatory

(SAO) furni shod further guidelines. The techniques contained in the

O)hi o State University (OSU) Report 82 [7] were also used in preprocessing

th" dat.L
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Experimental methods of applying various reduction corrections for

stellar data were used to determine as accurately as possible what

corrections were needed for reduction of data at stations where some

uncertainties still existed. This process failed to isolate only the

minute effects of the parallactic refraction correction. A temperature

of 10*C and an atmospheric pressure of 760mm were assumed to furnish an

"average" parallactic refraction correction to certain of the stations

known or presumed not to have applied it. As pointed out in the report

by Weightman and Hewitt [8]; however, the parallactic refraction correction

and phase angle correction (not applicable to active satellites) "have only

very small effects upon the final direction cosines and, while they may

explain some of the minor discrepancies, are almost negligible."

The DMAAC UNIVAC 1108 Computer Program, COBAN, was used in the

preprocessing stage for correcting the observational data to the time of

observation. This program is based on work previously done by Hotter [7].

COBAN has options for correcting for the use of atomic time, removal of

provisional annual aberration (Baker-Nunn), annual aberration, precession

and nutation, diurnal aberration, light travel time, parallactic

refraction, and the time conversion from UTC to UTl. The corrections and

applications are given in Table 1.

Following the preprocessing accomplished with the CO03AN Program, and

during the experimental stage, each event comprising two or more stations

having simultaneous observations of the GEOS II satellite was assembled

and analyzed for its acceptability. The DMAAC EDWARDS (flash-coordinates)

14



Table 1

Corrections Used for Completion of Data Preprocessing

____ ___ ____Stations "_ _ ___ ___

Corrections 9004 9091 194311 9432 .9( 2aio800n9S18010 0011 8015.8019
_ _ _ _ _ t I,

Atomic Time
AS- UTC

II
Provisional I I

Annual
Aberration X X x x I x x

Precession X X X X X X X x x

Nutation X X X X Xx X 'X

Diurnal I I I I

Aberration X X X X.

' ~~I X
Light Time I , X , x x

ParallacticRercin XX X i X X! X Xi X X
Refraction

[!Tl -UTC x x x x x x x x I
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Program was used in this assessment. The progra, computes satellite

coordinates and the slant ranges (station to satellite) for the stations

participating in an event and provides an error analysis which shows, in

terms of standard errors, the precision of the intersection made by

observations at a single point - the satellite flash. Gross errors and

quality of data and geometry were detected 1n this stage based on each

event.

Having survived this test, the acceptable events (some of which by

their sigmas revealed poor geometry but had otherwise acceptable

observational accuracies) became eligible for an iterative least-squares

satellite triangulation adjustment. This stage of the analysis was

performed with DMAAC's geometric satellite triangulation program, SATIN.

This adjustment provides a further check on the quality and geometry of

the events in terms of the entire agglomerate of the participating events

in the geometric network. Observations for which the residuals exceeded

three times the standard error of unit weight (computed for each iteration)

were eliminated. Table 2 shows the usable data after the EDWARDS and

SATIN edits. A GEOS event may have seven usable points. At least three

of the seven were required for an event to he acceptable for the DMAAC

adj us tments.

3. Wc~ijting of Observations

All observations were of necCessity assumied to be of equal accuracy in

tLi1 :,\\AA" adjustments for the following reas:ons-

'L. T1)' right asc'ension (RA) and decl. n:ti,,n (I.C) s i':nas , ýt-ndard

.: t,rt, no t- fi lrn i .• cld i Lii the L 0I() ,9 r4 ies r c 0 :er\.,at *on .
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b. One of the 8000 series stationq had many observations with sigma

values under 0'20 (seconds of arc). One particular event had DEC sigmas

of 0"07 which would have weighted the observations for that event to

an extreme. Since a polynomial fit is not involved in the reduction of

active satellite flash points, sigmas of this magnitude were considered

to be optimistic.

c. Observations for another 8000 series station were all accompanied

by sigmas that were obviously estimations rather than derived from a

rigorous error analysis. (MoAt of the sigmas were 2"'00 for both the RA's

and DEC's.)

4. Initial Geodetic and Geocentric Datums and Coordinates

Most initial European Datum 1950 (ED 50) coordinates (Table 3) used

in the DMAAC adjustments were originally taken from the ED 50 coordinates

used by Cazenave, et al [9]. There were two distinct exceptions, however,

plus some changes specifically in the heights of certain of the stations:

the coordinates at Riga are those obtained from the results of Cazenave's

adjustment, and the coordinates at Helsinki (not used by Cazenave) were

taken from the NASA I)irectorv [31. The changes were made in the initial

courd nates at Delft and in the European Datum spheriodal heights at

Zi:imierwald, Malvern, Nice. and Dionvsos as well as at Delft according to

the .;econd edition of the NASA Directory of Tracking Station Locations [10],

.NOVeC'.'er 1971, and as recommended in the report by Ehrn:,perger, et al [6].

1,.dditio:nal verification of station coordinates ',as made through the Geodetic

ef: i, e, I',] tham, England by I)MAAC's Research and Liaison Activity.

"I(' ,)" ad tiUstv1en11s , whicil are referen ,d ti- th_, li(9 Smithsonian

r(' iirth II (SAO S.F IT), u,,e- as initial coordinates the rectangular

8
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geocentric Values taken fromn the adjustment results furnished in SAO)

Special Report 315 [111]. These are given in Table 4.* The Si%0 SE 11

ellipsoid has a semi-m'ajor axis of 6378155 meters and a flattening of

1/298.25. Since Station Helsinki was not used in the SAO adjustment, the

NASA Directory coordinates (presumed for the purpose of ce ;Version to he

located on the Furopean Datum) were converted to the SAC) SE II. Consequently,

Helsinki Was consIderably lessz c..nstrained (to a 1000 meter spherical

allowance) to per-At free ulovemeilt within the. SAO) SE II adjustments and

negligible influence tkt thcse alj ustizents.

It has been confirmed that th0 SAO) code numbers given in Table 4

for Riga, IUzhgorod, /ihrnnerwald, and Delft refer to those same stations

(Table 3) as listed and coded In the NASA Dlirectory and indicate the

-nnie reszpective phvsial locations [123. To avilid confusion, thc NASAq

code numiber.-s are tti,ýd throughout the re::aIn'!er Of t~ils report.

5. ()riý,` and !ýasielines,

A] though1 Z imnicrwa Id (8010) , wh ic;i is c-,n rsill lv nato edin the stat ion

nuetwork and closer to the origin oll thev iur~pcain Dhatu;;:,~ "ce:,ed ;I best

choice for the origin of t ht. ad u-s ment , Nice ((I'M19) lieid niart ic ipatkcd in

1 18 acceptab]v e vents, as co':-Iared to Ol. it) ace*(;,talle cvcnt s at Zimmerwald,

thus mak ing Nice t1e more1- at t ae00 iVC caudIillit U . Sinuc %ice i:- al~so in

close' proximityv to the ccnter of the uetwork, it v'.ias chosen asý the origin.

Thle shoert chord di ait.anre ( %13V.kni I betwern hhiiiitc !rovei~cP (tsni 5) and

Nice .a held fixed both to eljininate the Ll: t c-c)s of a poor geometrical

relatilonshlip elxisting itwf these stot iol:. ~and tle -satellifte flasi

poi)nts and to provide t~ale for the net work, \ scue nd adjustment held

Ii.se] tiie chordl di stance hetwevn Y. irmerwal iann' l cin addition to the
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Hlaute Provence - Nice chord. The additional constraint improved the

precision of the resulting adjustment substantially as revealed in the

comparison of final sigmas (spherical error of Internal consistency) for

each participant in the adjustment. These final sigmas and the a priori

sigmas for each adjustment made by DMAAC are given in Table 5.

6. Adjustment Result s

The DMAAC adjustment results are presented in Tables 6, 7, 8, and

9. Results listed under "}Height" (geodetic) include the height of camera.

The initial ED 50 coordirtates from Table 3 were used for the two

European Datum adjustrients. The initial geocentric coordinates from

Table 4 wer, used in the SAO SE II adjustments. The standard error of

unit weight (representing the internal consistency) for each of the four

adjustments was 10.2 meter,;. A total of 3065 acceptable coplanar conditions

was satisfied for use in each of the litropean Datt,': adjust-ments. (Multiple

events were treated as a combination of pali-:.) This total was raised

slightly to 3076 acceptahie coplanar condit ions for the SAO SE II

adjustments.

The constraints upon1 eac, of the particip~int sLition6 for each

adjust,:enLt are indicated li the a priori sigma values assigned. See

Table 5. The use of an additional fixed chord in the second adjustments

(i.e. line 8010 - 8019) made a .ubstantial improve:uent in the final

sigmas but resulted in a deterioration of the closures at some of the

stations. This occurred on both the ED 50 and the AFAO SE 1I datums and

is probably dule to the reldxing of the a priori signias at foir stations.

1hc closure at Sa-n 1,%rnandv i:::p-ov"" on th puropeaut DLittli but degenerated

on the SAtO SE II datum with the additional baseline.

12
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Table b

Results of First DMAAC European Datum 50 Adjustment

Station Latitude (t) a Longitude ( .) (Meiteht GH

8009 52"00' 09'.-05N t'.'27 04"22' 20!96E k.19 29.9 1±8.2
8010 46 52 40.37 .12 07 27 58.35 .07 905.1 3.6
8011 52 08 39.02 .27 358 01 5V,86 .45 !23.6 8.2
8015 43 56 01.24 .06 05 42 49.3u .01 643.9 2.0
9004 36 27 51.24 .23 353 47 41.62 .54 -17.3 6.9
9091 38 04 48.18 .21 23 56 01.68 .69 452.6 6.9
9431 56 56 56.74 .49 24 03 35.29 .72 -3.4 13.2
9432 48 38 04.34 .25 22 17 57.93 .61 19-.11 7.3
9435 60 09 43.66 .60 24 57 10.22 .12 28.9_ -15.6

Coordinate Differences (Adjusted Minus initial CorOinates)

Station --. . --- --- ----

Sec Meters Sec !*eters Meters

8009 -0.15 -4.6 --O. ::4 -/.i 9.2
8010 0.05 1.5 A.1t 2. 4.8
8011 -0.10 -3.0 -. 7./ L1.0
8015 0.11 3.3 0.62 0 4 2.9
9004 -0.13 -4.0 --. S,; - 6-3
9091 -0.07 -2 1 0 ..
9431 -0.19 -5 6- ,-2,,.2-2.

9432 -0.22 -h.- 1. 3.0 7.4
9435 .-n.40 -L. 2.3 -13.0 -11.1

Comparison if Of rJ it -in.t e. I. .; : 1 ( '9,

L Chord 1)4' At. e Rtio
- a_-r .i...... ,::, , .- ,.. . . . . .

8009-8019i 944870." ' 06;. 7 - :,. 1:361204.
8010-8019 350443.6 35'.."•45.5 1.9 1-178344.
8011-8019 1 1160734.5 1 1;.7 6'..) -5. ' 1:214795.
90WV-801? 14003 (-. 7 111, ")1• 5 .6 1 ' _ 127449.

9091-8019 152821',.8 W•2i2V. . 1:872113.
9432-8019 127S]5T.5 :2 o .'1 i 1:3061S69.

14



Table 7

Results of Second DMAAC European Datum 50 Adjustment

Station Latitude (0) c1 Longitude (X) (3.) Height

8009 52°00' 08"91N 1"i2 04-22' 21'.'01E .'12(e 29.s ,3.5

8010 46 52 40.31 .04 07 27 58.34 .06 905.1 1.3
8011 52 08 38.88 111 358 02 00.02 .20 123.2 3.3
8015 43 56 01.23 .06 05 42 49.29 .01 644.1 1.9
9004 36 27 51.37 -10 353 47 41.80 .20 -17.9 2.9
9091 38 04 4e.28 .09 23 56 01.42 .24 451.8 2.7
9431 56 56 56.55 .17 24 03 34.92 .25 -4.7 4.6
9432 48 38 04.27 .10 22 17 57.oo .22 196.8 2.9
9435 00 09 43.42 .23 24 57 09.79 .32 27.2 6.0

Coordinate Differences (Ad iusted Min,,s Initial Coordinates)

Station

Sec I Moters See Mecters Meters

8009 -0.29 I -8.9 -0.19 -3., 9.0
8010 -0.01 -0.3 0.10 I 2.1 4.8
8011 -0.24 -7.4 0.53 10.0 14.6
8015 0.10 3.0 0.02 0.4 -2.7
9004 0.00 0.0 -0.29) -7.1 -5.9
9091 0.04 I 1.2 -0.19 -4,6 -7.3
9431 -0.38 -11.7 1 -1.93 I -32.4 -23.3
9432 -0.29 -8.9 -0.22 -!4.t 6.8
9435 -0. I -19.7 -1.28 13.6 -12.8

Comnparison of Chord Distances from Nice (8019)

Line Chord Distance Adjusted Ratio
Standard Adjistied -Standard

8009-801'J 944870.4 944863.4 -b.9 1:136359.
8011-8019 1160734.5 1160723.9 -10.5 1:109566.
9004-8019 1400340.7 1400345.5 4.8 1:290931.
9091-8019 1528215.8 1528210.4 -5.3 1:286595.
9432-8019 1275158.5 1275152.1 -6.3 1:199951.

15



Table 8

Results of First DMAAC SAO Standard Earth 1I Adjustment

Station Latitude (4) Cr Longitude (X) a ( Height aH

1 (Meters) H

0009 52000' 04"96N *V'27 04022' 15'.00E *,.39 37.9 *8.2
8010 46 52 36.62 .12 07 27 S2.77 .07 I919.4 3.6
8011 52 08 34.58 .27 358 01 54.51 .45 138.4 8.2
8015 43 55 57.56 .06 05 42 44.14 .01 666:7 2.0
9004 36 27 47.66 .23 353 47 37.75 .54 37.6 6.9
9091 38 04 45.70 .21 23 55 56.09 .69 455.1 6.9
9431 56 56 53.71 .49 24 03 27.13 .72 I -32.4 13.2
9432 48 38 01.30 .25 22 17 51.30 .61 186.1 7.3
9435 60 09 40.63 .60 24 5' 01.25 .81 -4.3 15.7

Coordinate Differences (Adjusted MKnus Initial Coordinates)

IA AH
Station Stere Sec j Meters Meters

8009 -0.57 -17.5 -0.05 -0.9 8.9
8010 0.12 3.7 j -0.05 -1.0 5.9
8011 -0.59 -18.2 1.12 21.2 7.0
8015 0.29 8.9 0.06 1.3 -7.3
9004 1.05 32.4 1.05 26.0 -10.0
99091 1.05 32.4 -1.38 -33.5 -4.2
9431 -0.95 -29.3 -2.76 -46.4 -11.1
9432 -0.15 -4.6 -1.78 -36.3 1.8

Comparison of Chord Distances from Nice (8019)

*ieChord Distance Adjusted7 ai
Standard Adjusted -Standard Ratio

8010-8019 350427.2 350431.2 4.0 1:87340.
8009-8019 944845.3 944829.2 -16.0 1:58982.
8011-8019 1160706.4 1160679.8 -26.5 1:43654.
9432-8019 1275140.3 1275104.9 -35.3 1:36055.
9004-8019 1400336.6 1400295.0 -41.5 1:33674.
9091-8019 1528200.3 1528154.9 -45.3 1:33683.
9431-8019 1876526.6 1876471.8 -54.7 1:34281.

*Orderel by length of line.
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Table 9

Reoults of Second DMAAC SAO Standard Earth II Adjustment

Station Latitude aT o. Longitude (k) oG Height oH
(Meters)

8009 52°00' 04'.'65N "-.''12 040220 i5'.'10E --.'12 37.4 ±3.5
8010 46 52 36.49 .04 07 27 52.73 .06 919.3 1.3
8011 52 08 34.28 .11 358 01 54.88 .20 137.3 3.3
8015 43 55 57.53 .06 05 42 44.13 .01 66b.9 1.8
9004 36 27 47.94 .10 353 47 38.17 .20 36.2 2.9
9091 38 04 4S.94 .09 23 55 55.51 .24 453.1 2.7
9431 56 56 53.28 .17 24 03 26.30 .25 -35.2 4.6
9432 48 38 01.Ic, .10 22 17 50.68 .22 184.8 2.9
9435 60 09 40.10 .23 24 57 00.29 .32 -8.2 6.0

Coordinate Differences (Adjusted i'linu:; lnitial Coordinates)

Station /_-______ __ / Jt

Sec ' Meters Sec Meters Meters

8009 -0.88 -27.1 0.05 0.9 8.4
8010 -0.01 -0.3 -C.09 -1.8 5.8
8011 -0.89 -27.4 1.50 28.4 5.9
8015 0.26 8.0 0.05 1.1 -7.1
9004 1.33 41.0 1.47 36.4 -11.3
9091 1.29 39.8 -1.96 -47.6 -6.2
9431 -1.38 -42.6 -3.59 -60.4 -13.9
9432 -0.29 -8.9 -2.40 -48.9 0.5

Comparison of Chord Distances from Nice (8019)

*Line Chord Distance Ad iiisted Ratio

Standard Adjusted -Standard

8009-8019 914845.3 944819.5 -25.7 1:36700.
8011-8019 1160706.4 1160668.0 -38.3 1:30258.
9432-8019 1275140.3 1275091.4 -48.8 1:26078.
9004-8019 1400336.6 1400281.2 -55.3 1:25293.
9091-8019 1528200.3 1528138.8 -61.4 1:24862.
9431-8019 t876526.6 1876452.2 -74.3 1:25223.

":Ordered by leigth of li,_.
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7. Analysis of Results (ED 50)

Of the seven Western European stations in the ED 50 adjustments

(barring mention of Helsinki, Riga, and Uzhgorod for the moment), Malvern

wanted to move more than expected. Although Malvern lies on the perimeter

of the station configuration, the geometry of its location with respect

to the other six is better than that for Dionysos or San Fernando. As for

the quantity of data between Malvern and the others, it cannot compare, for

example, with San Fernando, but the amount that was used (Table 2) was

sufficient. Not only does the quantity support the sufficiency conclusion,

but so also does the quality of the Malvern data which appeared relatively

good. This relative goodness was evident in the pre-adjustment editing

phase and in the size of the residuals from the adjustment which reflect

how well the coplanar condition was met by data from a simultaneous

observation between two stations. The residuals averaged out to 5.3 meters

for the observations between Malvern and the five Western European stations

observed by Malvern. (Xalvern did not observe CD)S II simultaneously with

Dionlysos.)

Of the three additional stations (Riga, ;zihgorod, and Helsinki), Uzhgorod

nas the be.:t fit with its iit.ial ED 50 coordinates. The following tables

(Tables 10 and 1]) show tCe number of events and average residuals for event-

occurring between co-ob.servers with Stations Riga (Table 10), which compared

rather poorly with its initial coordinates, and Uzhgorod (Fable I1), which

agreed w:ell with it- initial 1:) 50 coordilat,-os. The comrsatihilitv between

residuals in tihe two til, les (wwi.re the lines are arrangved in order of increasing

lhngths) is good, indratl inc Ltit t 'U ijat•irnal (-1onistc-ocv cf the
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Table 10

Averages of the Residuals
From Geometric Adjustment of

GEOS II Events -- Station Riga (9431)

Residual AveragesLine Events (Me ters)

9431 - 8009 5 6
9431 - 8010 16 10
9431 - 8011 4 10
9431 - 8019 25 10
9431 - 8015 13 9
9431 - 9091 7 12
9431 - 9004 12 14

Table II

Averages of the Residuals
From Geometric Adjustment of

GEOS II Events -- Station Uzligorod (9432)

eEvents Residual AveragesLine Even(Meters)

9432 - 8010 9 7

94 32 - 9091 12 8
94 T2 - 8019 9 7
94(32 - 8i)(J9 3 ]
9 4 '32 - 9001) 39
(4 1' - 3

94 2 - 81 J 4 12
9'. •" -- 9oTh' 11I 1 3



adjustment for Riga is about equivalent to that for Uzhgorod.

Marsh, et al (1971) [131 included a table (Table 7) in which they

compared differences between chords determined with ED 50 coordinates

and those resulting from three different "satellite" solutions. The

satellite solutions were made by Cazenave, et al (1971) [91 in France,

Marsh, et al (GSFC), NASA, and Gaposhckin and Lambeck (1970) (SAO) [11].

As a matter of interest, Table 12 below compares the chord differences

computed by the French, GSFC, and DMtAAC. To make the comparison, DMAAC

computed chords between San Fernando and seven other stations. Riga and

Helsinki were not included because their initial coordinates (Table 3)

did not compare favorably with the DMAAC adjustments.

Table 12

Chord Differences to San Fernando (9004)
Survey (El) 50) - Satelli.to( AdjuCtment

in Meters

Stat ion French CS lqC I D-,,-C DM.AAC
N 0 1 No 2

Haute Provence (8015) -17.8 -15.9 j -12.9 -6.4
Nice (8019) -15.5 -L3.6 -10.9 -4A
Zimmerald (810) 1513. -5.8

a)1vern (80i11) -12.. -0.l - 5.6 2.4
DUIfL (610') ) -- .6 - 9. z, 2. 1 6.2llionv•,,. (9)('K'l) -2: .91 -l! .r J -ti .n (1. 3

S:i-,rodt ( 9-'. •.) - . .9 - •7.) I -]9).( 1 .4

'!ift :;,trktt d i , r ! .', . , . . ) :';tnu kl , n ( No 2)
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globe, whereas the European Datum is a geodetic adjustment for a limited

area. Gaposchkin and Lambeck do state that the SAO SE II reference

ellipsoid is probably "t'o large by about 15 meters."

CONCLUSIONS

The instrumentation used at Riga and Uzhgorod for acquiring optical

data, along with their plate measurements and reductions, has produced

satellite data precise enough for accurate geodetic work.

With respect to ED 50, the position determined for the camera station

at Riga, in the first DMAAC adjustment, could be the most accurate of

those produced by investigators using satellite data. No similar claim

can be made for Helsinki because of fairly weak geometry. The initial

coordinates for Uzhgorod seem to be good.

The adjusted longitude for San Fernando, in the first DMAAC adjustment,

appears to be weak. The station was on the perimeter and there were only

three events between it and Malvern creating a weak geometric tie. Adding

extra strength in the form of another baseline moved the station into

better relative agreement.

The initial geodetic height (ID) 50) used for Malvern is questioned.

Results from the two adjustments show that a value above 1201 meters would

be more accurate than the 108.6 meters (Table 3) emploved.



REFERENCES

1. "National Report of the Netherlands"; International Association of

Geodesy; Third Meeting of the Western European Sub-Commission of the
International Commission for Artificial Satellites; Venice, Italy;
3-5 May 1967.

2. "Stations Participating in the Western European Satellite Triangulation
Programme"; Editions 3 (Mar 1967), 4 (Jun 1968), 5 (Nov 1968); General
Staff Map Section; Ministry of Defense; United Kingdom; 1964.

3. NASA Directory of Observation Station Locations, Vol 2; Published for
NASA by Computer Sciences Corporation, Geonautics Operation; Falls Church,
Virginia; Nov 1970.

4. Circular Letter No 21; International Association of Geodesy; Western
European Sub-Commission of the International Commission for Artificial

Satellites; Ordnance Survey; Chcssington, Surrey, England; 14 Mar 1968.

5. Massevitch, A. G. and A. M. Losinsky; "Photographic Tracking of

Artificial Satellites", Space Science Reviews; Vol II, No 2/3; Oct 1970.

6. Ehrnsperger, W.; Munford, C.; N~bauer, M.; Schn~delbach, K.;
Seifers, H. and J. Weightman; Western European Satellite Triangulation

Programme-Second Exqperimental Cnmp,|tarilon-loint Report by the Two
Computing Centers; Deutsche (;eod~itische Kommission, Miinchen and Geodetic
Office, Feltham; May 1972.

7. Hotter, F. D.; Prr~oqessinLOptic.il Satellite Observations,
D-partment of Geodetic Science Report No 82; The Ohio State University;
ColumbLs, Ohio; Apr 1967.

8. Weightman, J. A. and J. Hewitt; "CoTmparison of Re.-ults of the

Reductions of the Frankfurt Test Plate"; International AS..ociatiofn of

Geodesy; West European Sub-Commission for Artificial Sate]lItes; Graz

Meeting; 29-31 May 1972.

9. Cazenave, A.; Dargnies, 0.; Balmino, (.. and Si. Lefebvre; Geometrical

Adjustment witt Simultaneou.q Laser and I'hoto_,.r apycal _jhsrvat ioi.ls
(Results on the Furopiean Datum) ; ;roupe de Recherches de Geodesie

Spatiale; France.

10. NASA Directory of Tracking-._S;tation .L.oc-ations, Second I-dition;

Published for NASA by Computer Sc iences (orporation, (conautics (peration;
Falls Church, Virginia; Nov 1971.

1i. (apcschkin, E. If. and K. Lainbeck; ]969 S;i tJ,. ii '_,.tAandard .larti, (11),
SAO Special Report 315; Sn;ithisonian Astropirv- i al ),(l.h rvatorv; (jar il 'e
Massachusetts; 18 May 1971).

23



- W nm nn 'l" -_ - - -

12. Latimer, J.; Smithsonian Astrophysical Observatory; Cambridge,
Massachusetts; Personal Communication; 5 May 1971.

13. Marsh, j. G.; Douglas, B. C. and S. M. Klosko; A Unified Set of
Tracking Station Coordinates Derived From, Geodetic Satellite Tracking
Data, NASA Publication X-553-71-370; Jul 1971.

24


